† The authors dedicate this article to the memory of their highly respected colleague and co-author Prof. Jean Mantz. Jean has not only led the way for excellent research in anaesthesiology, but he also has been an incredibly dedicated mentor for a number of young anaesthesiologists. He passed away in January 2017.
According to the US Institute of Medicine, 44 000-98 000 people die each year in the USA because of medical errors. 1 Sleep deprivation is one factor potentially leading to impaired performance of anaesthesia practice. It has been associated with decreased vigilance of anaesthetists during simulated driving. 2 Most of the studies have assessed the impact of sleep deprivation on technical skills and have shown contradictory results. In a simulated medical scenario, Howard and colleagues 3 showed that sleepdeprived anaesthesia residents had impairment of alertness, mood, and performance. In a simulated laparoscopic scenario, Eastridge and colleagues 4 showed an increased number of technical errors in sleep-deprived surgical residents. On the contrary, no impact of sleep deprivation on tasks such as epidural catheter placement or response to an alarm was observed in other studies performed with anaesthesia residents. [4] [5] [6] In contrast, non-technical skills have been defined as 'the cognitive, social, and personal resource skills that complement technical skills and contribute to safe and efficient task performance'. 7 These skills include situation awareness, decision making, team working, and task management. 8 Although not directly linked to technical performance, they may play a key role in the quality of anaesthetic performance, especially during crisis management and related critical situations. 9 10 Anaesthesia residents have irregular working patterns, with long working hours and night shifts at irregular intervals. Several lines of evidence suggest that sleep deprivation may negatively impact cognitive performance and mood, which may therefore affect nontechnical skills. 11 12 Among the factors that increase the occurrence of medical errors and serious adverse events, deficiencies in non-technical skills may be key. Their role has long been recognized in high-risk industries, such as aviation or the nuclear power industry. 13 14 More recently, their impact has been described in paediatric cardiac surgery, and they were found to be more frequent than technical errors. 15 16 Specific programmes of non-technical skills training have been assessed to improve patient safety in obstetrical, intensive care, and cardiology settings. [16] [17] [18] Non-technical skills, composed of social and cognitive skills, could be more sensitive to sleep deprivation than heavily protocolized and well-trained technical skills. In the present trial, therefore, we tested the hypothesis that sleep deprivation reduces mobilization of non-technical skills in anaesthesia residents facing a situation of simulated crisis management in the operating room. The primary end point was the performance in non-technical skills of anaesthesia residents. Secondary objectives were the impact of sleep deprivation on technical skills, sleepiness, and confidence.
Methods
The trial was approved by a central Ethics committee (Comité de protection des Personnes Ile de France 3, Paris, France) and complied with the French regulation of clinical research. The CONSORT guidelines were followed throughout. 19 
Participants
Twenty anaesthesia residents from Paris academic hospitals were randomized in a 1:1 ratio to undergo a simulation session after a night on call [sleep-deprived (SLD) group] or after a night of normal sleep at home [rested (R) group]. They were informed of the anonymous video and audio recording of data and provided informed written consent. All of them had at least 1 yr experience in anaesthesia training and were familiar with high-fidelity simulation. Exclusion criteria were the presence of chronic sleep disorders, assessed by the Epworth questionnaire. 20 A sleep diary covering three nights before the simulation session was completed by each participant to ensure proper group allocation.
Residents who came after a night on call but had at least 5 h of consecutive sleep were re-allocated to the R group. Randomization was computer generated on the day of inclusion.
Simulation and scenario
All sessions were performed using a high-fidelity manikin (Sim-man 3G; Laerdel, Stavanger, Norway) and recorded using three video cameras and one microphone through a dedicated piece of software (SimView; Laerdal, Stavanger, Norway). The simulation consisted of the following three consecutive steps: (i) briefing (introduction to the facility, the material, and manikin specificities); (ii) the simulated scenario itself; and (iii) debriefing on trainee's feelings and performance analysis immediately afterwards. The duration of each individual session was $1 h. The scenario outline is summarized in Fig. 1 . It consisted of a patient with acute peritonitis undergoing emergency general anaesthesia, which was complicated by anaphylactic shock secondary to the injection of succinylcholine. All scenarios were performed with the assistance of an anaesthetist nurse, who had completed a master class in simulation and served as facilitator. Facilitators were asked to behave in a reproducible manner during scenarios to minimize their influence on the resident performance. Once the patient was considered to be stabilized (stabilization was defined as peripheral oxygen saturation >95%, mean arterial pressure >65 mm Hg, and heart rate <100 beats min À1 for at least 2 min) by a bolus injection of epinephrine 100 mg i.v. to be decided by the resident, a surgeon (simulated by a trainer in simulation) entered the operating room to create a dilemma regarding patient management (continue surgery or intensive care unit admission without surgery). All scenarios were performed between 14.00 and 16.00 h in order to limit the influence of chronotype on fatigue. Moreover, all residents were asked not to sleep during the morning before the simulation session.
Data collection
The primary end point was the individual score of nontechnical skills assessed by the Anaesthetists' Non-Technical Skills (ANTS) 21 scale presented in Table 1 . The ANTS scale is composed of four categories, with three to five elements in each category. Each element was rated from 1 (poor) to 4 (good). Elements were then averaged to obtain a 1-4 score for each category and added for a final score that yield a maximum of 16. Two independent senior anaesthetists, trained to use the ANTS scale, were blinded to the allocation group and observed performance by video after the session and scored the ANTS.
Editor's key points
• Anaesthesia trainees (and consultants) who work at night are commonly sleep deprived.
• Non-technical (social and cognitive) skills play an important role in clinician performance during stressful situations.
• The authors studied non-technical skills of sleepdeprived trainees during a simulated crisis.
• These skills were impaired in sleep-deprived individuals compared with non-sleep-deprived individuals.
Technical skills were assessed by the completion of a technical check list containing 16 items regarding rapid sequence induction and management of intraoperative anaphylactic shock detailed in Table 2 . This check list was built from guidelines of the French Anaesthesia and Critical Care society (SFAR). Data (age, sex, duration of residency, sleep diary, etc.) on participants were also collected.
Participants filled in an online questionnaire several days before the simulation to assess global confidence with the Rosenberg self-esteem scale and also chronotype with the Horne and Otsberg scale. 22 23 On the day of simulation, instant sleepiness was auto-evaluated by using the Karolinska Sleepiness Scale. 24 Confidence in anaesthesia skills was also auto-evaluated immediately before the simulation session with a validated 25 points questionnaire. 25 
Statistical analysis
Data are presented as the mean (SD) or median (interquartile range) for continuous data according to statistical distribution (assumption of normality was assessed using the d'AgostinoPearson test) and as count (percentage) for categorical parameters. Comparisons between the independent groups were made using the v 2 or Fisher's exact tests for categorical variables, and using the Student's t-test or the Mann-Whitney test for quantitative parameters. Owing to its non-normal statistical distribution, the primary outcome was assessed with a nonparametric Mann-Whitney U-test. Agreement of blinded raters on non-technical skills performance was assessed by a test of inter-rater agreement (Fleiss' kappa). All reported P-values are two-tailed, and P-values of <0.05 were considered to indicate statistically significant differences. We calculated that a sample of 20 residents would provide an 80% power to detect a two point difference in the ANTS score at a two-sided a level of 5%, assuming a median score of 14/16 in the rested group as observed in our pilot series with the same scenario and in previous studies. 26 
Results
From January to June 2015, 20 residents were randomized in the study, 10 in the SLD group and 10 in the R group. One eligible subject was excluded before randomization because his Epworth score was >15, suggesting a chronic sleep disorder. No randomized resident in the SLD group had to be reallocated to the R group according to the time of sleep during the night shift, and none slept before the simulation session, as required. The characteristics of the participants are displayed in Table 3 , and a flow chart of participants is displayed in Fig. 2 .
Primary end point
The median value of non-technical skills was higher in the rested group [14.5 (14-15)] than the median value in the SLD group [12.2 (10.5-13), P<0.02; Fig. 3 ]. Inter-rater agreement was 0.65 (0.09).
At a categorical level of non-technical skills, team working scores were significantly lower in the sleep-deprived group compared with the rested group [3 (2.6-3) vs 4 (3.2-4); P<0.01], whereas situation awareness, decision making, and task management were not significantly different between groups [3 (3-3.7) vs 4 (3.5-4), P¼0.07; 3 (2.5-3.5) vs 3 (3-4), P¼0.31; and 3 (2.1-3.7) vs 4 (3.5-4), P¼0.05, respectively]. 
Secondary end points

Discussion
The main original finding made in this prospective pilot randomized trial can be summarized as follows: sleep deprivation was associated with reduced non-technical skills in a population of anaesthesia residents exposed to a crisis management simulated scenario. This reduced mobilization of nontechnical skills was associated with impaired team working, increased sleepiness, and decreased confidence in anaesthesia skills.
To our knowledge, this is the first pilot randomized trial indicating that anaesthetists' non-technical skills are affected by sleep deprivation. Howard and colleagues 3 studied the effects of total sleep deprivation in a population of 12 anaesthesia residents. They showed that anaesthetists had impairment of alertness and mood but found no difference in terms of clinical performance. This finding was possibly explained by a lack of statistical power of the study. Non-technical skills were not evaluated, however. More recently, Maltese and colleagues 28 assessed the impact of a night shift on cognitive performance of intensivists. They showed significant alteration of cognitive abilities, regardless of experience or duration of sleep, compared with their own performance after a night of rest. These results are consistent with our findings, because non-technical skills consist of both social and cognitive skills and could therefore be affected by alteration of cognitive performance. Non-technical skills have also been found to be positively correlated with technical skills in simulated intraoperative crisis scenarios with 50 anaesthesia residents. 29 This result suggests a possible association between non-technical skills performance and overall performance. No association between technical and non-technical skills was found in our study, but half of our subjects were sleep deprived, whereas none were sleep deprived in the study by Riem and colleagues. 29 Also, technical skills were not assessed in detail in our study. Ours findings suggest that decreased confidence in anaesthesia skills could contribute to the reduction in non-technical skills. In contrast, global self-esteem of residents was similar in both groups several days before the simulation. This emphasizes that, in our population, sleep deprivation was Screened n=100
Included n=21
Included in the rested group (R) n=10 Rested group (R) n=10
Sleep-deprived (SLD) n=10 associated with reduced confidence on the day of simulation. Nevertheless, it was not possible to study the impact of confidence on performance because of our limited sample size. Non-technical skills are not familiar to French anaesthesia residents because they are not included in formal resident training programmes, standing in sharp contrast to other countries' residents programmes and military and commercial airline training programmes. However, several lines of evidence suggest that a deficiency in non-technical skills may increase the risk of error. They are therefore probably required for safe and efficient performance in the operating theatre. 30 This may pave the road leading to adverse medical events, as it has been shown that human errors play a crucial role in accident causation. 31 32 Technical skills, such as difficult airway management, can be trained in a specific simulation training programme, with significant improvement of trainees' performance. 33 Interestingly, this may also be the case for non-technical skills. A 3 yr crisis resource management programme including lectures on human factors and crisis resource management and interactive sessions led to reduced incidence of critical events in an intensive care unit. 17 Hughes an colleagues 34 showed promising results of specific crisis resource management team training with emphasis on non-technical skills for trauma resuscitation teams in terms of team working and task management. In a simulated cardiac arrest scenario, Fernandez Castelao and colleagues 18 found an association between nontechnical skills training and adherence to guidelines. Our study comes with some limitations. Firstly, the number of residents included is relatively small, which exposes our study to selection bias. Indeed, a large number of eligible subjects were screened but not included because participation in the study was voluntary. However, a lack of power regarding the primary outcome is unlikely, because we found a significant difference between groups with respect to non-technical skills. However, we cannot exclude the possibility that other differences, (i.e. in technical skills) could appear if using a larger sample size. The limited sample size also limits the interpretation of the pattern of deficiency in non-technical skills at a categorical level. Secondly, non-technical skills assessment may be difficult as it is partly subjective. Graham and colleagues 35 observed low inter-rater reliability in a cohort of anaesthetists after a short training course. The inter-rater agreement between our two blinded evaluators was nevertheless considered good, with a j score >0.6. Thirdly, observation and comparison of nontechnical skills are closely linked to the environment and the team at stake. All scenarios were therefore played with exactly the same simulated crew (simulated surgeon and anaesthetic nurse), trainers in high-fidelity simulation, who tried to behave in a reproducible manner. As residents were expected to take over leadership in the situation, the impact of facilitators in team working can be minimized by keeping a follower attitude. Any extrapolation to another crisis management scenario or the real-life operating room has not been investigated in the present study and would be an over-interpretation of our results. Additionally, there was no objective physiological confirmation of sleep deprivation in our population of sleep-deprived residents. Sleep diaries nevertheless remain a reliable tool, 36 and sleep-deprived residents showed increased sleepiness on the Karolinska Sleepiness Scale. The three-point difference between our groups is comparable to what was described in anaesthesia trainees after night shifts by Lancman. 37 Finally, our study included only French anaesthesia residents, and generalizability to senior anaesthetists or residents from other countries is uncertain because no study has explored the impact of experience or non-technical skills training programmes on coping with sleep deprivation.
In conclusion, sleep deprivation induced by a night shift was associated with impaired non-technical skills in anaesthesia residents in a simulated anaesthesia intraoperative crisis scenario. Future trials should assess whether teaching and training non-technical skills at the same level as technical ones in anaesthesia resident educational programmes might improve their performance in the operating room and perhaps contribute to reduce the rate of medical errors in routine practice.
